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(54) Active pixel sensor and imaging system having differential mode 



(57) In an active pixel imaging system and method 
to generate an differential output signal consisting of the 
differences in a viewed image between adjacent detect- 
ed frames a buffered electrical charge storage capacity 
(110) of the active pixel sensor (35) is utilized to provide 
a system with reduced complexity and hardware require- 
ments. In the imaging system, when a particular active 
pixel sensor is activated it generates a voltage signal (at 
50) corresponding to a previous frame's detected light 
intensity before the pixel is reset to generate a voltage 
signal (at 50) corresponding to a present frame's detect- 
ed light intensity. A differential output circuit (18) is used 
to generate a differential output signal based on these 
two generated voltage signals. 
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Description 

FIELD OF THE INVENTION 

This invention relates generally to improvements in 
electronic image sensors, and more specifically to active 
pixel image sensors and imaging systems capable of 
generating differential output signals. 

BACKGROUND* OF THE INVENTION 



Conventional electronic video cameras utilize 
charge-coupled device ("CCD") imagers to convert opti- 
ca! images into corresponding electronic signals. Atyp- 
ical CCD imager includes a matrix of photosites that are 
capable of collecting free electrons thatform an electrical 
charge packet that is directly proportional to the photon 
radiation incident at that photosite. Accordingly, when an 
image is focused on the surface of the array, the charge 
packet at each photosite of the array corresponds to a 
respective picture element or pixel of the complete im- 
age. The generated photosite charge packets are trans- 
ferred in a parallel manner into a CCD shift register, 
where they are transferred serially as an output signal of 
the CCD imager. The CCD imager output signal is a se- 
ries of electronic signals whose amplitudes represent the 
I ight intensity of the image at each pixel for a single image 
frame. The process is continuously repeated to generate 
output signals which correspond to several image 
frames per second. As a consequence, each frame in 
the generated output signal contains information con- 
cerning the detected light intensity at each photosite. 

A drawback of typical CCD imagers is that they re- 
quire near-perfect charge transfer over distances on the 
order of centimeters through semiconductor materials. 
As a consequence, such CCD imagers require a sub- 
stantial amount of power and are difficult to use under 
low light conditions, difficult to manufacture in large array 
sizes, and difficult to integrate with on-chip electronics. 
Active pixel sensors have become increasingly popular 
as an alternative to CCD imagers in video equipment. 
Active pixel sensors employ one or more on-chip tran- 
sistors at each pixel photosite in the array. The transis- 
tors buffer a photo-signal corresponding to the charge 
packet generated by the photosite and drive an output 
signal line avoiding the disadvantages of the CCD imag- 
er. However, typical active pixel sensor arrays still gen- 
erate an output signal with each frame containing infor- 
mation concerning the detected light intensity at each 
photosite. 

In certain applications, such as motion detection for 
use in, for example, security cameras, and data com- 
pression for high-definition television ("HDTV), it is de- 
sirable to generate a video signal that corresponds to 
only the difference between two adjacent frames rather 
than the actual detected light intensity at the pixels (or 
each of the frames themselves. Accordingly, if there is 
no motion or change in a scene viewed by such system, 



then the system generates no output signal. If, however, 
an inter-frame change appears due to motion or a 
change in the scene, then the imaging system generates 
a corresponding differential output signal. A convention- 
s al CCD imager and known active pixel sensor arrays re- 
quire additional equipment to generate a differential out- 
put signal. Such equipment, which may include an ana- 
log-to-digital converter, a frame buffer memory and a 
system controller, increases the complexity, cost, power 
10 consumption and size of the system. 

As is apparent from the above, a need exists for a 
low power, compact imaging system having a differential 
output signal. 



75 SUMMARY OF THE INVENTION 

In one embodiment, an imaging system having a dif- 
ferential output signal according to the present invention 
employs an array of active pixel sensors arranged into 
20 sensor rows and columns. Each sensor collects electri- 
cal charge at a photogate corresponding to detected light 
intensity by the sensor over a frame interval. The gener- 
ated electrical charge may then be transferred to a buff- 
ered diffusion node within the sensor The voltage at the 
25 diffusion node is buffered from other voltage signals gen- 
erated external to the sensor In accordance with one as- 
pect of the invention, each active pixel sensor maintains 
a diffusion node voltage corresponding to a previously 
detected frame while collecting electrical charge in the 
so photogate corresponding to a present frame. 

A row decoder may be connected to the sensor ar- 
rays to simultaneously activate the sensors in a respec- 
tive row to detect light as well as generate an output volt- 
age signal corresponding to the diffusion node voltage. 
35 The sensor outputs for a respective column of sensors 
are connected to a corresponding one of a plurality of 
differential output circuits. The output circuits are also 
connected to a common output line. The differential out- 
put circuits are able to temporarily store first and second 
40 voltage signals received from the connected sensors 
which correspond to the diffusion node voltages for the 
previous and present frames. The output circuits further 
generate a difference signal corresponding to the tem- 
porarily stored voltages to the common output line. 
45 A timing controller may be connected to the row de- 
coder and each differential output circuit to control the 
system timing. The timing controller may cause each 
sensor row to be sequentially activated to light intensity 
over a predetermined integration period per frame. At 
so substantially near the end of the integration period for a 
present frame, the row sensors are activated to generate 
an output voltage signal. When activated, each sensor 
provides to the differential output circuits a first voltage 
signal corresponding to the existing diffusion node volt- 
55 age for the previous frame's detected light intensity. The 
sensors are then reset and generate a new diffusion 
node voftage corresponding to the present frame's de- 
tected light intensity. Second voltage signals corre- 
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sponding to these new node voftages are then provided 
to the differential output circuits. The timing controller 
may control the differential output circuits to temporarily 
store the received first and second voltage signals to 
generate corresponding difference output signals. Also, 
the timing controller may cause the differential output cir- 
cuits to sequentially provide the difference output signals 
to the common output line to form the differential output 
signal. 

The present invention utilities the sensors buffered 
diffusion node to maintain the previous frame's detected 
light intensity during the detection of the present frame's 
light intensity. This technique provides the ability to gen- 
erate a differential output signal without the need of a 
large memory device or analog-to-digital converters to 
maintain values for each of the sensors. As a conse- 
quence, the present invention has reduced power con- 
sumption and complexity. The present invention may be 
implemented in a system possessing compact dimen- 
sions which will enable it to perform functions previously 
not thought possible for prior art differential imaging sys- 
tems, such as in hidden security cameras. 

Additional features and advantages of the present 
invention, will become apparent by reference to the fol- 
lowing detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an exemplary 
active pixel sensor imaging system in accordance 
with the present invention; 

FIG. 2 is a schematic diagram of an exemplary 
active pixel sensor and output circuit which may be 
used in the system of FIG. 1; 
FIG. 3 is a timing diagram illustrating exemplary 
operation of the circuit of FIG. 2; and 
FIG. 4 is a flow diagram of an exemplary method for 
producing a differential output signal from an active 
pixel sensor array in accordance with the present 
* invention. 

DETAILED DESCRIPTION 

FIG. 1 shows an active pixel sensor imaging system 
1 according to the present invention having an array of 
active pixel sensors 5, a row decoder 10, a plurality ol 
differential output circuits 18 and a timing controller 20. 
The active pixel sensor array 5 includes ten rows 25 and 
ten columns 30 of closely spaced active pixel sensors 
35. The active pixel sensor array 5 is illustrated as a 
ten-by-ten sensor array for illustrative purposes only and 
is not meant to be a limitation on the present invention. 
An active pixel sensor array in accordance with the 
present invention may consist of any number of row and 
columns of active pixel sensors, and for many applica- 
tions will typically consist of an array of a large number 
of pixels. 

Each active pixel sensor 35 is capable of converting 
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a detected quantity of light to a corresponding electrical 
signal at an output 50. A plurality of control lines 55 ex- 
tend from the row decoder 1 0 and connect to each of the 
pixel sensors 35 in a respective sensor row 25. The con- 

5 trol lines 55 connected to each sensor 35 consist of a 
photogate control line 180, a reset control line 184 and 
a select control line 186, as shown in FIG. 2. 

Each active pixel sensor output 50 in a correspond- 
ing sensor column 30 is connected by a column output 

10 line 65 to a particular differential output circuit 18. Each 
one of the plurality of differential output circuits 18 is fur- 
ther connected to a common imaging system output line 
15. A differential output signal DIFF is generated by the 
differential output circuits 18 on the output line 15. The 

'5 differential output signal DIFF may be provided by the 
output line 15 to other processing circuits 70 to perform, 
for example, motion detection or video data compression 
regarding a viewed image. 

In operation, the timing controller 20 provides timing 

20 signals to the row decoder 10 which sequentially acti- 
vates each row 25 of active pixel sensors 35 via the con- 
trol lines 55 to detect light intensity and to generate cor- 
responding output voltage signals during each frame in- 
terval. A frame, as used herein, refers to a single com- 

2B piete cycle of activating and sensing the output from 
each sensor 35 in the array 5 a single time over a pre- 
determined frame time period. The timing of the imaging 
system is controlled to achieve a desired frame rate, 
such as 30 frames per second. 

30 When detecting a particular frame, each sensor row 
25 may be activated to detect light intensity over a sub- 
stantial portion of the frame interval. In the time remain- 
ing after the sensor row 25 has detected the light inten- 
sity for the frame, each of the respective sensors simul- 

3S taneously generates output voltage signals correspond- 
ing to the amount of light detected by that pixel sensor 
35. If an image is focused on the sensor array 5 by, for 
example, a convention camera lens, then each pixel sen- 
sor 35 generates an output voltage signal corresponding 

40 to the light intensity for a portion of the image focused 
on that pixel sensor 35. The output voltage signals gen- 
erated by the activated sensor row 25 are simultaneously 
provided to the corresponding differential output circuit 
18 via the column output line 65. 

45 The differential output circuits 18 generate differ- 
ence output signals based on the corresponding re- 
ceived sensor output signals. The generated difference 
output signals are provided to the output line 1 5 in a serial 
fashion to form the differential output signal DIFF based 

50 on timing control signals from the timing controller 20. 
The differential output signal DIFF comprises informa- 
tion corresponding to the difference between adjacent 
frames of the detected image. If there is no motion or 
change in a scene viewed by the imaging system 1 , then 

ss the system 1 generates no output signal. If however, a 
change appears due to motion or a change in the viewed 
image between consecutive frame readouts, then the im- 
aging system 1 generates a corresponding differential 
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output signal. 

During the operation of the imaging system 1, the 
timing controller 20 controls the row decoder 1 0 and plu- 
rality of differential output circuits 1 8 to continuously gen- 
erate the differential output signal DIFF for consecutive 
frames at the predetermined frame rate. Suitable timing 
control circuits 20 include microprocessor controllers, fi- 
nite state machine implementations, such as application 
specific integrated circuits, combinational logic circuits 
or any other circuit capable of generating the necessary 
timing signals to the row decoder 10 and the differential 
output circuits 1 8. The row decoder 1 0 may be a counter, 
a demultiplexer or any circuit or device capable of indi- 
vidually activating each sensor row 25. Although the row 
decoder 10 is shown separate from timing controller 20, 
a single device or circuit may be employed to perform 
the functions of these two components in accordance 
with the present invention. 

Each active pixel sensor 35 in the array 5 may con- 
sist of a photosite and one or more on-chip transistors 
located within each sensor 35 to provide both gain and 
buffering functions. Active pixel sensor, as used herein, 
refers to devices commonly known in the art as active 
pixel sensors, as well as any other device or sensor con- 
figuration which collects and stores electrical charge in 
proportion to detected light intensity, and which buffers 
such stored electrical charge. A general description of 
exemplary active pixel sensors 35, including those hav- 
ing double-polysilicon structures, is provided in, for ex- 
ample, Fossum, E.R "Active Pixel Sensors: Are CCD's 
Dinosaurs?", Proceeding of SPIE: Charge-Coupled De- 
vices and Solid State Optical Sensors III, Vol. 1900, pp. 
2-14 (1993), ('Fossum reference"), which is hereby in- 
corporated by reference. 

A schematic representation of an exemplary active 
pixel sensor 35 and a corresponding differential output 
circuit 18 in accordance with the present invention is 
shown in FIG. 2. Referring to FIG. 2, the active pixel sen- 
sor 35 is connected to the differential output circuit 1 8 by 
the corresponding column output line 65. Since other ac- 
tive pixel sensors 35 are also connected to the column 
output line 65, the line 65 has been shown broken by 
ellipses 67 in FIG. 2 for clarity. The other active pixel sen- 
sors 35 may preferably operate in a substantially identi- 
cal manner to the active pixel sensor 35 shown in FIG. 
2. Only one of the differential output circuits 1 8 has been 
shown in FIG. 2 for ease of illustration. The other differ- 
ential output circuits 1 8 will preferably operate in a sub- 
stantially identical manner to the circuit 18 illustrated in 
FIG. 2. 

In FIG. 2, the active pixel sensor 35 may be repre- 
sented as a photogate 1 00 charge-coupled to a transfer 
gate 105 which is further charge-coupled to a diffusion 
well 110. The gates 100 and 105 have gate electrodes 
101 and 107, respectively. The photogate electrode 101 
is connected to the photogate control line 1 80. The trans- 
fer gate electrode 107 may be connected to a suitable 
fixed voltage to enable the transfer of electrical charge 



from the photogate 100 to the diffusion well 110 as is 
described below. Electrons 102 beneath the photogate 
100, electron transfer arrow 106, and transferred elec- 
trons 111 in the diffusion well 110 are an electron well 
s representation known in the art to illustrate the transfer 
of electrical charge from the photogate 100, through the 
transfer gate 105, to the diffusion well 110. 

The active pixel sensor 35 further includes a reset 
transistor 120, a voltage-follower transistor 125, a select 
10 transistor 1 30 and a load, such as a suitably biased load 
transistor 1 35. A diffusion node 115 connects the diffu- 
sion well 110 to the reset transistor 120 and the volt- 
age-follower transistor 125. The reset and voitage-fol- 
tower transistors 120, 125 are further connected to a 
is fixed voltage VDD, which will preferably may be five volts 
if the active pixel sensor 35 is implemented as a CMOS 
device. The reset transistor 1 20 is also connected to the 
reset control line 184 of the control lines 55 that extends 
from the row decoder 10 shown in FIG. 1. An output 126 
20 of the voltage-follower transistor 1 25 is further connected 
to the select transistor 1 30 which is connected to the load 
transistor 1 35. 

The load transistor 1 35 is also connected to a fixed 
load voltage VLOAD and a fixed voltage VSS. The fixed 
25 voltage VSS will preferably be zero volts if the active pixel 
sensor 35 is implemented as a CMOS device. The select 
transistor 130 is further connected to the select control 
line 1 86 of the control lines 55 shown in FIG. 1 . The load 
voltage VLOAD should be adjusted such that a desired 
30 resistance value is achieved across the load transistor 
1 35 between the column output line 65 and the fixed volt- 
age VSS. The desired resistance value should enable 
the transistor 125 to operate in a voltage follower mode 
when the select transistor 130 operates in saturation to 
35 effectively act as a closed switch between the transistors 
1 25 and 1 35. Suitable alternatives for the load transistor 
135 include on-chip or surface mount resistors, or any 
other passive or active devices which can provide the 
required electrical resistance when disposed between 
40 the column output line 65 and the fixed voltage VSS. 

The active pixel sensor output 50, shown in FIG. 1, 
is schematically represented in FIG. 2 by a like num- 
bered connection node between the select transistor 1 30 
and load transistor 1 35 for clarity. The column output line 
45 65 connects the sensor output 50 to the corresponding 
differential output circuit 1 8. Within the differential output 
circuit 1 8, the sensor output signal is provided to first and 
second single-pole single-throw switches 140, 145 
which may be, for example, transistor switches or solid 
50 state relays. 

The switches 140, 145 may individually be operated 
in open or closed positions. In the closed positions, the 
switches 140, 145 provide a sensor output signal to cor- 
responding first and second charge storage devices, 
55 such as capacitors 1 50 and 1 55. The capacitors 1 50 and 
155 are connected to the fixed voltage VSS as well as 
respective inputs 161 and 162 of a subtractive signal 
combiner, such as a differential amplifier 160. The 
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switches 140 and 145 are controlled by control signals 
S1 and S2 generated by the timing control circuit 20. 

An output 163 of the differential amplifier 160 gen- 
erates the difference output signal which is provided to 
a third single-pole single-throw switch 170. The switch 5 
170 is further connected to the imaging system output 
line 15. The switch 170 operates in an open or closed 
position, as controlled by a switch control signal S3 gen- 
erated by the timing controller 20. When closed, the 
switch 170 provides the difference output signal to the 
common output line 1 5. 

In operation, the row decoder 10 generates a suita- . 
ble photogate control signal on a photogate control line 
180 to cause the photogates 100 of each sensor 35 in 
the corresponding row to collect electrical charge based 
on the detected light intensities. The photogate 100 is 
permitted to collect electrical charge over an integration 
period, which may be a substantial portion of the frame 
interval. For instance, if the frame interval is 33 msec, 
corresponding to 30 frames per second, the integration 
period may be 33 msec, less approximately one micro- 
second if the sensor 35 is implemented as a CMOS de- 
vice. 

Upon completion of the integration period, the row 
decoder 10 may cause the biased transfer gate 105 to 
transfer the collected electrical charge from the photo- 
gate 100 to the diffusion well 110 by generating a suitable 
pulse in the photogate control signal. This method of 
transferring charge is well known in the art and is de- 
scribed in, for example, the above cited Fossum refer- 
ence. A suitable duration for a photogate control signal 
pulse to cause the transfer gate 1 05 to transfer the col- 
lected electrical charge may be, for example, on the or- 
der of one microsecond. Further, the fixed transfer gate 
biasing voltage may be on the order of 2.5 volts if the 
sensor 35 is implemented as a CMOS device. 

Another well known technique for transferring 
charge within an active pixel sensor is to clock or pulse 
the transfer gate electrode when the transfer is required. 
Both the biasing and clocking techniques cause the volt- 
age potential beneath the transfer gates 1 05 to be great- 
er than that beneath the photogate 100. Since electrical 
charge moves from regions of lower potential to regions 
of higher potential, then the collected charge in the pho- 
togate 100 moves to the transfer gate 105 and then to 
the diffusion well 110. 

In active pixel sensors 35, the electrical charge 
maintained in the diffusion well 1 1 0 is buffered by the 
transistors 1 25 and 1 30 from signals generated over the 
corresponding column output line 65 by the other sen- 
sors 35 in the column 30. The transfer gate 105 further 
acts to buffer the electrical charge maintained in the dif- 
fusion well 1 1 0 from that collected by the photogate 1 00 
at alt times except when electrical charge is transferred 
from the photogate 100 to the diffusion well 110. The 
present invention relies on the buffered diffusion nodes 
110 to maintain an electrical charge for a previous 
frame's detected light intensity during the times when the 



sensor 35 is not generating a voltage output signal and 
when the photogate 100 of the sensor 35 is collecting 
electrical charge for a present frame. 

As a consequence, the present invention may use 
only two charge storage devices 1 50, 1 55 and a subtrac- 
tive signal combiner 160 per sensor column 30 to gen- 
erate the differential output signal DIFF. Conversely, typ- 
ical prior art imaging systems required an analog-to-dig- 
ital converter and an external memory for each light in- 
tensity detector in an array to generate such a differential 
output signal. Therefore, the present invention achieves 
a substantial advantage of having reduced system com- 
plexity, power consumption and size over such prior art 
imaging systems. 

Each active pixel sensor 35 of the array operates in 
two different periods during a frame time interval. The 
two periods include a light detection period correspond- 
ing to the integration period, and a read out period. For 
a given detected frame interval, each sensor row 25 is 
sequentially activated to detect light during a light detec- 
tion period and then selected to generate corresponding 
output signals during the read out period. The light de- 
tection period and read out period may overlap as is de- 
scribed in detail below with regard to FIG. 3. 

For example, if a frame interval of 33 msec, is de- 
sired, the light detection period may consist of a substan- 
tial portion of that interval, and the read out period may 
be on the order of 10 fisec. after the light detection peri- 
od. The row decoder 10 may overlap the light detection 
periods for adjacent sensor rows 25 to achieve the de- 
sired frame rate during the read out period. Such an over- 
lapping technique is well known in the imaging system 
art. 

FIG. 3 shows a timing diagram illustrating one suit- 
able operation of the sensor 35 and output circuit 18 of 
FIG. 2 in accordance with the present invention. In FIG. 
3, details of waveforms 200 for an overlapping light de- 
tection period 202 and read out period 204 of the sensor 
35 are shown for a present frame interval. Since the light 
integration period 202 is much longer than the read out 
period 204, the waveforms 200 have been shown by el- 
lipses 203 during the light detection period for clarity. 
"Don't care" regions of the waveforms 200 are illustrated 
by cross-hatched bars such as region 205 of the wave- 
form 290. 

During the light detection period 202 between times 
TOandTS, the row decoder 10, shown in FIG. 1, provides 
the photogate control signal, illustrated by waveform 
270, in a high voltage state to the photogate electrode 
101. The photogate control signal in the high voltage 
state causes the sensor photogate 100 to collect electri- 
cal charge based on the light intensity focused on that 
sensor 35 for the present frame. During the tight detec- 
tion period 202 between times TO and T5, the photogate 
control signal 270 in the high voltage state further pre- 
vents the transfer gate 105 from transferring collected 
electrical charge to the diffusion well 110. 

As a consequence, the electrical charge maintained 
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in the diffusion well 110 is buffered from the photogate 
1 00 during the present frame's light detection period 202 
and thus corresponds to the previous frame's detected 
light intensity. Since the voltage potential at the diffusion 
node 115, illustrated as waveform 215, corresponds to 
the electrical charge maintained by the diffusion well 1 10, 
it, likewise, corresponds to the previous frame's detected 
light intensity during the light detection period 202. The 
diffusion node voltage potential 21 5 corresponding to the 
previous frame's detected light intensity during this peri- 
od 202 is represented by a voltage magnitude A in FIG. 3. 

At a time substantially near the end of the light de- 
tection period 202, such as at time T1 , the row decoder 
10 initiates the read out period by generating the select 
control signal, illustrated as waveform 220, in a high volt- 
age state. The select control signal 220 remains in a high 
voltage state for the duration of the read out period 204 
and is in a low voltage state at ail other times. The high 
voltage state select control signal 220 causes the select 
transistor 130 in FIG. 2, normally in an "off* state, to op- 
erate in saturation or in an "on" state. 

When operated in the on state, the select transistor 
1 30 acts effectively as a closed switch which enables the 
transistor 1 25 to operate as a voltage-follower. While the 
transistor 125 operates as a voltage follower it generates 
a voltage at its output 126 and a voltage signal at the 
sensor output 50 that corresponds to the voltage poten- 
tial 215 at the diffusion node 115, Since the diffusion 
node voltage potential 215 is a voltage of amplitudes A 
at time T1, the output voltage signal 230 illustrated as 
waveform 230, may also be considered an amplitude of 
A volts at time T1 . Prior to time T1 , the select transistor 
is in the "off' state and no output voltage signal is gener- 
ated, as indicated by the "don't care" region 206. Further, 
since the diffusion node voltage potential 215 at time T1 
corresponds to the previous frame's detected light inten- 
sity, the output signal 230 generated immediately after 
the time T1 also corresponds to the previous frame's de- 
tected light intensity. 

A short time after the select signal is generated, such 
as at time T2, the timing controller 20 generates a switch 
control signal S1, illustrated as waveform 240, in a high 
voltage state to close switch 140. The closing of switch 
140 permits the sensor output voltage signal 230 to 
charge the capacitor 150. After the capacitor 150 has 
had sufficient time to charge, such as at time T3, the 
switch control signal S1 240 is generated in a low voltage 
state causing the switch 140 to open. The time duration 
between times T2 and T3 should be selected to permit 
the capacitor 1 50 to sufficiently charge to a voltage po- 
tential corresponding to the received sensor output volt- 
age signal 230 having the voltage A. A suitable charging 
time for the capacitor 150 is on the order of one micro- 
second. At time T3, the charge stored in the capacitor 
150 corresponds to the amount of detected light by the 
sensor 35 for the previous frame. 

After the voltage A has been stored in the first ca- 
pacitor 1 50, such as at time T4, the row decoder 1 0 gen- 



erates the reset signal pulse on the reset control line 55 
in a high voltage state, as shown by waveform 260. This 
reset signal pulse 260 causes the reset transistor 120 to 
operate in the on state which forces the diffusion node 
s 1 1 5 to the voltage VDD. As a consequence, the corre- 
sponding sensor output signal 230, likewise, increases 
to a voltage corresponding to the voltage VDD. 

As FIG. 3 indicates, the light detection and read out 
periods 202, 204 overlap between times T1 and T5. 
10 Shortly after the reset pulse has concluded, such as at 
time T5, the light detection period 202 ends and a low 
voltage pulse 275 is generated for the photogate control 
signal 270. The low voltage pulse 275, between times 
T5 and T6, causes the collected electrical charge in the 
15 photogate 100 to transfer to the diffusion well 110 in a 
manner described above with regard to FIG. 2. 

This transfer of electrical charge causes the diffu- 
sion node voltage 21 5 and the corresponding output volt- 
age signal 230 to tower in proportion to the amount of 
20 collected charge or the detected light intensity for the 
present frame. The greater the light intensity, the greater 
the amount of collected charge and the greater the 
amount that the corresponding diffusion node voltage 
215 is lowered. Shortly after time T5, the output voltage 
25 signal 230 provided to the output circuit 1 8 corresponds 
to the detected light intensity for the present frame. The 
magnitude of the sensor output signal 230 shortly after 
time T5 is illustrated as a voltage B in FtG. 3. 

After the electrical charge is transferred to the diffu- 
se sion well 110, such as at time T7, the timing control de- 
vice 20 closes the second switch 150 by generating the 
switch control signal S2 in a high voltage state as shown 
by the waveform 280. The closing of the switch 1 45 caus- 
es the second capacitor 1 55 to charge to approximately 
35 the sensor output voltage signal 230, or in other words, 
to a value proportional to the voltage B. At time T8, after 
the capacitor 1 55 had sufficient time to charge, the timing 
control unit 20 generates the signal S2 in a low voltage 
state to cause the switch 1 45 to open. 
40 After time T8, the voltages across the capacitors 150 
and 1 55 correspond to the voltages A and B, respective- 
ly. As a consequence, after time T8, the differential am- 
plifier generates a difference output signal 290 that is a 
voltage corresponding to the difference between the vott- 
45 ages A and B. Prior to time T8, the waveform 290 con- 
sists of the "don't care" region 205. Since the voltages 
across the capacitors 150 and 155 represent the light 
intensity detected by the sensor 35 for the previous and 
present frames, the generated sensor difference signal 
so represents the difference of the detected light intensity 
by the sensor 35 between the frames. 

At the appropriate time, the timing controller 20 gen- 
erates switch control signal S3 to close the switch 170 
which provides the difference output signal to the imag- 
55 jng system output line 1 5. The switch 1 70 is only closed 
at a particular time and for the proper duration, in order 
to insert the sensor differential output signal into its prop- 
er sequence position within the imaging system differen- 
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tial output signal DIFF. 

Each pixel sensor 35 in each array row 25 is prefer- 
ably operated in the same manner as is described above 
with regard to FIG. 3 to generate a differential output sig- 
nal for a frame of a detected image. Since the voltage 
potential present at the diffusion node 1 15 of each sensor 
35 is buffered from the corresponding photogate 1 00 and 
column output line 65, it maintains a voltage potential 
based on an amount of detected light from frame to 
frame. As a consequence, the voltage potential at the 
diffusion node 115 remains a voltage corresponding to 
the voltage B until that sensor 35 again enters a read out 
period for the next detected frame, as shown at time T9 
in FIG. 3. Accordingly, during read out of the sensor 35 
for the next frame at time T9, the sensor output voltage 
signal 230, corresponding to the previous frame, is the 
voltage B. 

The photogate 100 does not collect charge while the 
voltage signal applied to its gate electrode 1 01 is in a low 
voltage state, such as between times T5 and T6. Further, 
the light detection period for the next frame begins at the 
conclusion of the low voltage pulse 275 on the photogate 
control signal 270 at time T6. In this manner, the amount 
of time that each pixel sensor 35 is not detecting light for 
each frame is minimized. The next frame's light detection 
period ends at the next generation of a low voltage pulse 
for the photogate control signal 270 which occurs at the 
appropriate time some time after time T9. The timing 
controller 20 continuously repeats this operation with the 
proper timing to achieve the differential output signal 
DIFF having the desired frame rate. 

FIG. 4 is a flow diagram summarizing an exemplary 
image detection method for generating the differential 
output signal DIFF in accordance with the present inven- 
tion. Steps 300-380 of FIG. 4 are recited in terms of the 
events during the read out periods of each active pixel 
sensor 35. The generation of the corresponding photo- 
gate control signal 270 and corresponding light detection 
period are timed so as to enable the performance of 
steps 300-380 as indicated in FIG. 4. 

Referring to FIG. 4, an active pixel sensor row 25 in 
the array 5 is first activated for read out by generating 
the appropriate select control signal on the correspond- 
ing select control line 186 in step 300. When activated 
for read out, each of the sensors 35 generates a voltage 
signal at its respective output 50 representing the voltage 
potential present at its diffusion node 115. Since the ac- 
tivated sensors 35 have not been reset, the diffusion 
node voltages and the corresponding output voltage sig- 
nals at the sensor outputs 50 correspond to the light in- 
tensities detected by sensors 35 for the previous frame. 

These sensor output voltage signals are then read 
and stored by the respective differential output circuits 
18 in step 310. The step 310 corresponds to the closing 
of the first switch 140 and the resulting charging of the 
first capacitor 150 by the sensor output voltage signal, 
as described above with respect to FIGS. 2 and 3. After 
a voltage signal corresponding to the previous frame is 



2 

read and stored, the diffusion nodes 115 of the activated 
sensors 35 are then reset to a reset voltage as indicated 
in step 320. Resetting of a diffusion node 115 may be 
accomplished with a high voltage pulse provided to the 

5 corresponding reset transistor 120 as described above 
with respect to FIGS. 2 and 3. 

Then, in step 340, the electrical charges collected 
by the photogates 1 00 in the activated sensor row 25 are 
transferred to the respective diffusion wells 110. As stat- 

10 ed above with respect FIGS. 2 and 3, transferring the 
collected electrical charges to the respective diffusion 
wells 110 causes the voltage of the diffusion nodes 115 
to lower from their reset voltage. As a consequence, the 
voltages present at the activated sensors 1 diffusion 

15 nodes 1 1 5 and the corresponding output voltage signals 
provided to the differential output circuits 18 represent 
the detected light intensity for the present frame. 

The voltage output signals for the present frame are 
then read and stored by the corresponding differential 

20 output circuits 1 8 in step 350. In accordance with the op- 
eration of the differential output circuit 18 of FIG. 2 as 
described above with respect to FIG. 3, the sensor output 
voltage signals are read and stored by charging the sec- 
ond charge storage devices 1 55. Upon reading and stor- 
es ing the voltage output signals for the present frame in 
step 350, the differential output circuits 18 maintain volt- 
age potentials for the present and previous frames' de- 
tected light intensities. 

Then, in step 360, a difference is taken of the stored 

30 voltages in each output circuit 1 8 to yield difference out- 
put signals. This step may be accomplished using the 
differential amplifier 160 of FIG. 2. The difference output 
signals correspond to the frame-to-frame difference in 
the amount of detected light intensity for each of the ac- 

35 tivated pixel sensors 35. 

The difference output signals, such as those shown 
as waveform 290 in FIG. 3, are then sequentially provid- 
ed to the imaging system output line 15, shown in FIG. 
1 , in a predetermined order in step 370 to form the dif- 

40 ferential output signal DIFF. As a consequence, the out- 
put signal DIFF is a serially transmitted compilation of 
the difference output signals for the sensors 35 of the 
activated row 25. The next sensor row 25 is then activat- 
ed for read out by the appropriate corresponding select 

45 control line 60 in step 380. 

Steps 310-370 are then repeated for the newly ac- 
tivated sensor row 25 to generate the respective differ- 
ence output signals to form the corresponding portion of 
the differential output signal DIFF. In this manner, the im- 

50 age detection method of FIG. 4 continuously generates 
difference output signals for each sensor row 25 to pro- 
duce the differential output signal DIFF for consecutive 
detected frames during the time that the imaging system 
is operational. 

55 Although one embodiment of an active pixel sensor 
and array having differential mode has been described 
in detail above, it would be readily understood by those 
having ordinary skill in the art that many modifications to 
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the described embodiment are possible without depart- 
ing Irom the teaching of the present invention. All such 
modifications are intended to be encompassed by the 
claimed invention. 

For instance, the diflerentiat output circuit 18 may 
use one single-throw double-pole switch instead of the 
two switches 140, 145, or may consist of any configura- 
tion of components capable of providing two serially re- 
ceived voltage signals to a signal combiner in a parallel 
fashion, and generating a difference signal based on the 
two voltage signals. Other active pixel sensor implemen- 
tations with different voltages may be readily employed. 
In addition, although the array of FIG. 1 has been ar- 
ranged into the activation of rows and the read out of 
columns, the present invention may connect any number 
of active pixel sensors at any array position to a corre- 
sponding differential output circuit. 



Claims 



A method for generating a differential output video 
signal corresponding to an image focused on a sen- 
sor array having rows and columns of active pixel 
sensors, each sensor capable of collecting electrical 
charge based on a detected light intensity and hav- 
ing a diffusion well capable of holding an amount of 
electrical charges each diffusion well being buffered 
from electrical signals generated external to the sen- 
sor, the method comprising the steps of: 

sequentially activating each row of sensors for 
a period of time to achieve a desired detected 
frame interval; 

detecting a first voltage potential at a diffusion 
node of each activated sensor, wherein each of 
the first voltage potentials corresponds to col- 
lected charges held by the respective diffusion 
wells for the detected image at a corresponding 
immediate previous frame; 
resetting the voltage potential of the respective 
diffusion nodes of the activated sensors to a 
predetermined voltage potential; 
transferring electrical charges collected for a 
present frame's detected light intensity from the 
image by each activated sensor to correspond- 
ing diffusion wells within the respective sensors, 
the voltage potentials at the activated sensors' 
diffusion nodes changing from the predeter- 
mined voltage potential to second voltage 
potentials corresponding to the respective 
amounts of transferred electrical charges; 
detecting the second voltage potentials at the 
diffusion nodes of the activated sensors; and 
generating an output signal based on sequen- 
tially determining the difference between the 
detected first and second voltage potentials of 
the activated sensors, wherein the sequential 



activation of each row of sensors generates an 
output signal of sequential segments of the 
detected differences in the image at the corre- 
sponding pixel sensors between the previous 
s and present frames. 

2. The method of claim 1 , wherein the step of generat- 
ing the output signal further comprises determining 
the difference between the detected first and second 

w voltage potentials in the activated sensor row using 
respective differential output circuits connected to 
the active pixel sensors in each column. 

3. The method of claim 1 , wherein the step of generat- 
es ing the output signal further comprises determining 

the difference between the detected first and second 
voltage potentials of a corresponding activated sen- 
sor by using respective differential output circuits 
containing the charge storage devices and subtrac- 
20 tive signal combiner for each sensor in a corre- 
sponding column. 

4. A method for generating a differential output video 
signal corresponding to an image focused on an 

25 active pixel sensor array, each sensor capable of 
collecting electrical charge for a detected light inten- 
sity and having a diffusion well capable of holding 
an amount of electrical charge, each diffusion well 
being buffered from electrical signals external to the 
30 sensor, the method comprising the steps of: 

sequentially activating sensors in different por- 
tions of the array for a period of time to achieve 
a desired detected frame interval; 
35 detecting a first voltage potential at a diffusion 

node of each activated sensor, wherein each of 
the first voltage potentials correspond to col- 
lected charges held by the respective diffusion 
wells for the detected image at a corresponding 
40 immediate previous frame; 

resetting the voltage potential of the respective 
diffusion nodes of the activated sensors to a 
predetermined voltage potential; 
transferring electrical charges collected lor a 
45 present frame's detected light intensity Irom the 

image by each activated sensor to correspond- 
ing diffusion wells within the respective sensors, 
the voltage potentials at the activated sensors' 
diffusion nodes changing from the predeter- 
so mined voltage potential to second voltage 

potentials corresponding to the respective 
amounts of transferred electrical charges; 
detecting the second voltage potentials at the 
diffusion nodes of the activated sensors; and 
ss generating an output signal based on sequen- 

tially determining the difference between the 
detected first and second voltage potentials of 
the activated sensors, wherein the sequential 
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activation of the sensors in each portion of the 
array generates an output signal of sequential 
segments of the detected differences in the 
image at the corresponding pixel sensors 
between the previous and present frames. 

5. The method of claim 4, wherein the step of sequen- 
tially activating sensors in different portions of the 
array comprises activating the sensors in corre- 
sponding sensor rows. 

6. The method of claim 4, wherein the step of generat- 
ing the output signal further comprises the step of 
determining the difference between the detected 
first and second voltage potentials in the activated 
sensor row using respective differential output cir- 
cuits connected to a respective active pixel sensor 
in each of the portions of the array. 

7. The method of claim 1 or 4 further comprising the 
steps of: 

storing the first voltage potential of each acti- 
vated sensor in a respective one of a first plu- 
rality of charge-storage devices; and 
storing the second voltage potential of each 
activated sensor in a respective one of a second 
plurality of charge storage devices, wherein the 
step of generating the output signal includes 
applying the respective voltage potentials in 
each of the first and second pluralities of the 
charge storage devices to a like plurality of sub- 
tractive signal combiners that sequentially gen- 
erate the corresponding portions of the differen- 
tial output signal. 

8. The method of claim 7, wherein the step of generat- 
ing the output signal further comprises determining 
the difference between the detected first and second 
voltage potentials of a corresponding activated sen- 
sor by using respective differential output circuits 
containing the charge storage devices and subtrac- 
tive signal combiner for each sensor in a corre- 
sponding portion of the array. 

9. The method of claim 1 or 4, wherein the steps of 
detecting the voltage potentials at the diffusion 
nodes comprise the step of detecting corresponding 
outputs of voltage-follower transistors connected to 
the respective diffusion nodes. 

10. The method of claim 1 or 4 further comprising the 
step of performing motion detection based on the 
generated output signal. 

11. The method of claim 1 or 4 further comprising the 
step of performing data compression based on the 
generated output signal. 



12. A method for generating a differential output signal 
from an active pixel sensor corresponding to the dif- 
ference in the detected light intensity of an image 
over first and second integration time periods, the 

5 sensor having a diffusion well capable of holding an 
amount of electrical charge based on an amount of 
detected light intensity by the sensor, the diffusion 
well being buffered from electrical signals external 
to the sensor, the method comprising the steps of: 

10 

detecting a first voltage potential at a diffusion 
node of the active pixel sensor corresponding 
to a collected charge held in the diffusion well 
for the light intensity detected during the first 

is integration period; 

resetting the voltage potential of the diffusion 
node to a predetermined voltage potential; 
transferring electrical charge collected for a 
present frame's detected light intensity from the 

20 image by the active pixel sensor to the diffusion 

well, the voltage potential at the diffusion node 
changing from the predetermined voltage 
potential to a second voltage based on the 
amount of transferred charge; 

25 detecting the second voltage potential at the dif- 

fusion node; and 

generating an output signal based on the differ- 
ence between the detected first and second 
voltage potentials taken at the diffusion node for 
30 the first and second integration period. 

1 3. The method of claim 1 2 further comprising the steps 
of: 

35 storing the first voltage potential in a first charge 

storage device after detecting the first voltage 
potential; and 

storing the second voltage potential in a second 
charge storage device after detecting the sec- 

40 ond voltage potential, wherein the step of gen- 

erating the output signal includes the step of 
applying the voltage potentials stored in the 
charge storage devices to a subtractive signal 
combiner which generates the differential out- 

45 put signal. 

14. The method of claim 1 2, wherein the steps of detect- 
ing the voltage potentials at the diffusion nodes com- 
prises the step of detecting an output of a volt- 

50 age-follower transistor connected to the diffusion 
node. 

15. An imaging system for generating a differential out- 
put video signal based on an image focused on the 

55 imaging system, the imaging system comprising: 

a plurality of active pixel sensors arranged into 
an array of rows and columns, each active pixel 
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sensor being operable to generate a voltage at 
a diffusion node corresponding to detected light 
intensity by the sensor, each active pixel sensor 
being turther operable to buffer the voltage 
potential present on the diffusion node from 
other signals generated external to the sensor; 
a row decoder having a plurality of control lines 
connected to the sensor array, each control line 
being connected to the sensors in a respective 
column, wherein the row decoder is operable to 
activate the sensors in a row; 
a plurality of differential output circuits, each dif- 
ferential circuit being connected to the respec- 
tive sensors in a column, each differential circuit 
being operable to store first and second voltage 
signals received from the connected sensors 
and to selectively provide a difference sensor 
output signal to the common output line; and 
atiming controller connected tothe row decoder 
and each differential output circuit, wherein the 
timing controller is operable to cause each sen- 
sor row to be sequentially activated and to 
cause the activated sensors to provide a voltage 
signal corresponding to a previous detected 
frame to the output circuits and then to provide 
a voltage signal corresponding to a present 
detected frame to the output circuits, and 
wherein the timing controller is further operable 
to cause the differential output circuits to 
sequentially provide the difference output signal 
to the common output line to generate the imag- 
ing system differential output signal. 

16. The system of claim 15, wherein the differential out- 
put circuit comprises: 

first and second switches connected to the sen- 
sors; 

first and second charge storage devices con- 
nected to respective first and second switches, 
wherein the switches are controlled by the tim- 
ing controller to provide the first and second 
voltage potentials to the charge storage 
devices: and 

a subtractive signal combiner having first and 
second inputs and a differential output, the first 
and second inputs being connected to the first 
and second charge storage devices, wherein 
the charge storage devices store the voltage 
signals for the previous and present frames 
which are provided to the signal combiner which 
generates the difference output signal. 

17. The system of claim 16, wherein the differential out- 
put circuit further comprises: 

a third switch connected to the signal combiner 
output and the common output line, wherein the 
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20. 



timing controller controls the third switch to 
close during the time the corresponding sensor 
differential output signal is to be provided to the 
output line. 

The system of claim 1 6, wherein the charge storage 
devices are capacitors. 

The system of claim 1 5, wherein the active pixel 
sensors employ a double-polysilicon structure. 

The system of claim 1 5. wherein the timing controller 
and the row decoder are a single device. 
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300- 



ACTIVATE READ OUT PERIOD FOR 
A ROW OF SENSORS IN THE ARRAY 



310- 



READ AND STORE VOLTAGES 
CORRESPONDING TO THE ACTIVATED PIXEL 
SENSOR OUTPUTS FOR THE PREVIOUS 
FRAME'S DETECTED LIGHT INTENSITIES 



I 



320- 



340- 



RESET DIFFUSION NODE VOLTAGE 
IN EACH ACTIVE PIXEL SENSOR 
IN THE ACTIVATED ROW 



I 



TRANSFER COLLECTED CHARGES 
TO RESPECTIVE DIFFUSION WELLS 



350 



READ AND STORE VOLTAGE AT THE ACTIVATED 
PIXEL SENSOR OUTPUTS CORRESPONDING 
TO DETECTED LIGHT INTENSITY BY 
THE PIXEL SENSORS FO R THE PRESENT FRAME 
1 



360- 



GENERATE CORRESPONDING 
DIFFERENTIAL OUTPUT SIGNAL 
BASED ON THE DIFFERENCE OF 
THE STORED VOLTAGES 



370- 



GENERATE THE DIFFERENTIAL 
OUTPUT SIGNAL DIFF FROM THE 
DIFFERENTIAL OUTPUT SIGNALS 
FOR THE ACTIVATED ROW 



380- 



ACTIVATE READ OUT PERIOD FOR NEXT 
ROW OF ACTIVE PIXEL SENSORS IN THE ARRAY 



FIG. 4 
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(54) Active pixel sensor and imaging system having differential mode 



(57) In an active pixel imaging system and method 
to generate a differential output signal consisting of the 
differences in a viewed image between adjacent detect- 
ed frames, a buffered electrical charge storage capacity 
(1 1 0) of the active pixel sensor (35) is utilized to provide 
said system. In the imaging system, when a particular 
active pixel senso r is activated it generates a voltage 
signal (at 50) corresponding to a previous frame's de- 
tected light intensity before the pixel is reset to generate 
a voltage signal (at 50) corresponding to a present 
frame's detected light intensity. A differential output cir- 
cuit (18) is used to generate a differential output signal 
based on these two generated voltage signals. 
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